Oysters (Crassostrea gigas) were exposed 4 days to cultures of the toxic dinoflagellate Alexandrium ostenfeldii (strain CCMP1773) that produces spirolides belonging to fast acting toxins (FAT) and let depurate for 7 days. During depuration, oysters were either fed the non-toxic algae Isochrysis galbana Tahitian clone (T. Iso) or starved. The objectives of this experiment were to evaluate (i) spirolide uptake and depuration by oysters (ii) spirolide effects on oysters and (iii) oyster recovery according to food supply during depuration.
Spirolide uptake and detoxification by
fed T-Iso following the A. ostenfeldii exposure, 80% of digestive tubules were active, thus revealing a rapid recovery after toxic algae exposure.
Overall, both spirolide detoxification and recovery from their toxic effects are almost complete within 7 days after exposure to spirolide producers. Such information may help to resume faster oyster sales after toxic events involving FAT implying thus more frequent chemical analysis.
Introduction
The marine dinoflagellate Alexandrium ostenfeldii has been identified as the only microorganism producing spirolide toxins (Cembella et al., 2000a and b) . This species has been found in Denmark (Moestrup and Hansen, 1988) , Scotland (John et al., 2003a) , Norway (Balech and Tangen, 1985) and Spain (Fraga and Sanchez, 1985) , and it produces either saxitoxin analogues, i.e paralytic shellfish poisoning (PSP) toxins, or spirolide toxins, which belong to cyclic imine group. Some A. ostenfeldii strains can produce spirolides and PSP toxins at the same time, as demonstrated in Denmark (Hansen et al., 1992; McKinnon et al., 2004) with local strains.
Compared to other Alexandrium species, relatively little is known to date about the biology and ecology of A. ostenfeldii. This may be partly attributed to the fact that it typically occurs at low concentrations of 10 2 to 10 3 cells L -1 in phytoplankton mixed assemblages which already contain other bloom-forming dinoflagellates (Balech and Tangen, 1985; Moestrup and Hansen 1988; John et al., 2003b; Gribble et al., 2005) . A. ostenfeldii is known for its capability to behave as a mixotrophic species (Jacobson and Anderson 1996; Gribble et al., 2005) and to produce allelochemical compounds (Hansen et al., 1992; Tillmann et al., 2007) .
A. ostenfeldii life cycle includes two types of cysts. Temporary cysts are commonly formed when cells are subjected to stress either in cultures or at field (Østergaard-Jensen and Moestrup 1997; Cembella et al., 2001) . Resting cysts are formed in winter and are generally isolated from coastal sediment (MacKenzie et al., 1996b; Bravo et al., 2006) . Like other Alexandrium species, A. ostenfeldii can produce paralytic shellfish toxins (PSTs) (Hansen et al., 1992; MacKenzie et al., 1996b) . PST profiles and specific toxicities in culture may vary largely according to strains and localities. It has been noticed that Danish A. ostenfeldii strains, predominantly, produce low potency saxitoxin derivatives (Hansen et al., 1992) , whereas in New Zealand strains PSP toxicity ranged from 0 to much higher levels (up to 217 pg STX eq cell -1 ) than usually observed in cells of other potent Alexandrium species (MacKenzie et al., 1996a,b,c) . North Atlantic populations of A. ostenfeldii do not seem to produce PST's at all (Cembella et al., 2000b; Gribble et al., 2005) . Instead, spirolides, a recently isolated group of highly potent neurotoxins (Hu et al., 1995; Richard et al., 2000) , are commonly found in cultured strains and natural samples (Cembella et al., 2000b; John et al., 2003b; Gribble et al., 2005) .
In June 2005, the French Phytoplankton and Phycotoxin monitoring Network (REPHY) revealed the presence of A. ostenfeldii for a short period in Arcachon Bay (French S.W coasts). For the first time, spirolides were detected (Amzil et al., 2007) in local oyster digestive glands. When shellfish are contaminated by this toxic microalga at a level giving a positive DSP mouse bioassay, they are no longer harvested and marketed resulting in serious economic losses. Spirolides are 'Fast Acting Toxins' (FAT), causing neurotoxic symptoms and rapid death of laboratory mice when intraperitonially (i.p) injected or administered orally (Hu et al., 1995) . However, no adverse effects on humans have been reported so far. Although their toxicity to humans and their mode of action are still under investigation (Gribble et al., 2005) , spirolides are known to produce an antagonistic effect at the muscarinic acetylchloline receptor (Richard et al., 2000) .
The characterization of the most common spirolides and their des-methyl derivatives from toxic plankton and contaminated shellfish has recently been reported by different authors (Hu et al., 2001; Sleno et al., 2004; MacKinnon et al., 2006) . Toxicological studies on mice revealed that toxicity of pure 13-desMeC is much lower when administered by gavage than when i.p injected, with LD 50 of 150 µg.kg -1 and 5-8 µg.kg , respectively (Munday, 2008) .
Insofar as no regulatory limits have been established for macrocyclic imines (FAO/IOC/WHO report, 2004) , no data were available about spirolide bioaccumulation and elimination pathways in shellfish.
The present study investigated (i) the uptake and detoxification of spirolides by oysters, (ii) the impact of non-toxic algal food on detoxification rates, testing the hypothesis that oysters fed I. galbana detoxified faster than unfed (control) oysters (iii) the effects of A. ostenfeldii experimental exposure on tissue structures and recovery ability of contaminated oysters during depuration.
Materials and Methods

Experimental animals before exposure to A. ostenfeldii
Triploid oysters, Crassostrea gigas (64.3 ± 2.8 mm mean shell length), were obtained from the IFREMER coastal laboratory located in Bouin (French Atlantic coast). All oysters (n=108) were cleaned from epiphytes and other encrusting organisms. Prior exposure to A. ostenfeldii, oysters were acclimatized for 3 days in a raceway filled with seawater at 16 °C and fed on T.Iso for only one day. Mean of oyster total fresh tissues weight was 6.26 ± 0.91 g/individual (n=10). The same sample (non exposed control) was used for the histology study.
Eight other oysters were also used for extraction and analysis lipophilic toxins (okadaic acid, pectenotoxins, azaspiracides, yessotoxines, spirolides and gymnodimines).
Algal cultures
The harmful algal species used in this study was the CCMP1773 strain of Alexandrium ostenfeldii (Balech) isolated from Limfjorden (Denmark) and obtained from the Provasoli Guillard National Center for Culture of Marine Phytoplankton. In addition, the non-toxic Tahitian clone of Isochrysis galbana (T. Iso) acclimated in IFREMER laboratory was used as a non-toxic detoxification diet. A. ostenfeldii was grown in 10-liter batch cultures and 100-liter photo-bioreactors using sterile sea water at a salinity of 35 psu supplemented with L1 nutrient enrichment (Guillard and Hargaves, 1993) . T. Iso was grown in 10-liter culture vessels filled with seawater previously autoclaved (121°C, 2 bars, 2 h), filtered seawater through a 0.22 µm membrane (Whatman allipore filter) and enriched with Conway medium.
Batch cultures were maintained at 16°C under a 12h:12h L:D cycle at 150 µmole photon/m 2 /s and was used to inoculated a 100 litre photobioreactor filled with 35 psu sterile seawater prepared as above and enriched with L1 medium (Guillard and Hargraves, 1993) . Culture were maintained at 17°C under a 16h:8h (L:D) cycle and at 170 µmole photon/m 2 /s.
T. Iso cultures were harvested for oyster feeding during the exponential phase of growth (days 14).
Experimental design for A. ostenfedii exposures
After the 3 days acclimation, 90 oysters were distributed randomly into two raceways filled with 150 l seawater at a salinity of 35 psu and a temperature of 16°C. The experimental setting was similar to that previously described in Lassus et al. (1999) . A 40 l buffer tank placed within the circuit just after the flume outlet contained the heat exchanger and the pumps, ensuring circulation of the water and continuous measurement of chlorophyll with a Turner Design fluorometer equipped with 340-500 nm excitation and 665 nm emission filters. Toxic and non-toxic micro-algae inputs at the flume inlet were supplied by an Ismatec peristaltic micropump with flow rate regulated according to the settings established at the beginning of the experiment. Continuous measurements provided by the fluoremeter were integrated via a LABVIEW ® acquisition and control card and a data-logger connected to a microcomputer.
Oysters were fed A. ostenfeldii at a concentration of 200 cell.ml -1 in a recirculated seawater circuit (flow rate of 800 l.h -1 ) for 4 days. Sea water was totally renewed every two days. Following A. ostenfeldii exposure, oysters were divided in two groups: 45 oysters were fed T. Iso at 12000 cell.ml -1 for 7 days, whereas, another 45 oysters group was not fed (sea water only) during the same period. Faeces and pseudo-faeces were removed every day from each raceway with a pipette and examined to verify the status of the cells using light microscopy.
Oysters samples were collected after 4 days exposure to the toxic dinoflagellate (day 0), and during detoxification period, i.e on days 1, 4, and 7. At each sampling time, 8 oysters were removed from the raceway, pooled and processed for spirolide extraction and analysis. Ten oysters were also sampled for the histopathology study after exposure to A. ostenfeldii, and after 7 days detoxification with or without food supply.
Extraction and LC-MS/MS analysis of spirolides
Soft parts of eight oysters were dissected and then divided into two fractions: digestive gland and remaining tissues (including gill, adductor muscle and mantle). These two fractions (which pooled tissues from eight oysters) were drained on a Büchner funnel, weighed, and then frozen at -80°C. Tissues were homogenized using Ultra-turrax homogenizer for 5 minutes in a cold environment (ice). Two g of homogenized digestive gland or remaining tissue were used for lipophilic toxin extraction. Lipophilic toxins were extracted with 3 mL of methanol/water (95/5). Extracts were then centrifuged at 3000g and 4°C for 15 min. The pellet was re-extracted 2 more times with 3 mL of methanol/water (95/5) and centrifuged again. The three supernatants were combined and homogenized. A two mL sub-sample was ultra-filtered by centrifugation through a 0.2 µm membrane (Vivaspin2 ® membrane 10000 KDa PES) at 4000 g and 4 °C for 20 minutes. 5 µl of the filtrate were injected into the LC-MS/MS system. For A. ostenfeldii culture, spirolide production and profiles were determined from 10 mL samples taken from photobioreactor cultures during the exponential phase of growth. Cells were collected by centrifugation (4000g, 10 min, 4°C), resuspended in 1 mL methanol/water (95/5) and sonicated 20 mn on ice with a Vibra Cell ® 75115 device. The extracts were collected in 2 mL eppendorf tubes and then frozen at -80°C. Extra-cellular medium of A. ostenfeldii culture was extracted according to Amzil et al., 2007 and analysed as described below.
The LC-MS/MS analysis were performed according to Amzil et al, (2007) using a Shimadzu LC-20 AD XR ® model coupled with a Q TRAP ® mass spectrometer (API 4000). Toxins were eluted in a 3 µm hyperclone MOS C8 column (50X2.0 mm, Phenomenex) at 20 °C with a linear gradient set at 0.2 ml/min. The mobile phase consisted of two components (A) water and (B) acetonitrile/water (95:5), both containing 50 mM formic acid and 2 mM ammonium formate. Analyses were carried out in multiple reaction monitoring (MRM) positive ion mode and the two most intense product ions per compound were selected. Four different spirolides were identified by HPLC-MS in oyster tissues using transition conditions presented in table 1. Spirolides in A. ostenfeldii culture and oyster tissues were quantified using calibration curve of 13-desMeC certified standard (NRCC, National Research Council (Canada). ). Spirolides analytical pools were performed in triplicate with LC-MS/MS analysis.
Histology
A 5-mm cross-section was taken from each of the ten oysters sampled for histology, including digestive gland, gills and mantle. The dissected tissues were fixed in Davidson's fixative (Shaw and Battle, 1957) for 48 h. The dehydration steps were performed in increasing ethanol solutions (Ethanol 80% for 1h, Ethanol 95% three times for 2, 2 and 1h and Ethanol 100 % three times again for 2, 2 and 1h). Sections were cleared 2 times with Claral, and then embedded in paraffin. After processing, 5 µm sections were stained using hematoxylin-eosin. Slides were examined under a light microscope and tissue damaging level was evaluated referring to Haberkorn et al. (2010) . Intensity of pathological figures was ranked as stage 0 for absence or very light, stage 1 for moderate and stage 2 for heavy. Results were expressed as mean of stage intensity for ten individuals per treatment.
The thickness of digestive gland tubule was measured. In this study, active and inactive digestive gland tubules were characterized by thickness between 20 µm to 30 µm and thickness between 10 and 20 µm, respectively. The percentage of active digestive gland was determined on ten oysters for each treatment. Measurements involved three readings on 70 tubules chosen for each individual oyster using Leica Application Suite 2.8.1. software.
Statistical analysis
Results obtained on digestive gland tubule thickness were compared between treatments after 7 days detoxification using T test. Ratio and percentage were transformed as arcsin(squareroot) before statistical analysis but presented as untransformed data.
Intensity of pathological effects observed by histology was compared statistically using the Pearson chi-square test to assess differences between treatments after detoxification. Significant differences between treatments (with or without feeding) are considered statistically significant at 95% confidence level.
Results
Toxin profile of Alexandrium ostenfeldii culture
All spirolide analogues were analysed through three successive injections. Toxin profile of A. ostenfeldii during the exponential phase comprised spirolides 13,19-didesMeC, 13-desMeC, 13-desMeD and trace of SPX-D, with 13,19-didesMeC as predominant analogue (Fig 1a) . Total toxin content of A. ostenfeldii cells was 2.1 ± 0.1 pg 13-desMeC eq. pg cell -1 (Table 2) .
Proportion of spirolide in the extra-cellular medium A. ostenfeldii culture was low (1-3%).
Spirolide distribution and profile in oysters following A. ostenfeldii exposure
Prior exposure to A. ostenfeldii, sampled oysters were free from lipophilic toxins (okadaic acid, pectenotoxins, azaspiracides, yessotoxines, spirolides and gymnodimines). This means that toxins were not present above both limits of detection (LOD) and quantification (LOQ) of each toxin. In this study, the LOD and LOQ were determined according to each toxin standard and were summarised in table 3.
After 4 days contamination, toxin content of digestive gland was 567.5 µg 13-desMeC eq. kg -1 (Fig. 2a) , whereas toxin content of remaining tissues was much lower, i.e : 116.2 µg 13-desMeC eq. kg -1 (Fig. 2b) . 83 % of total toxin body concentration was found in digestive gland while only 17 % was found in remaining tissues. After 4 days exposure, toxin profiles in digestive gland and remaining tissues were similar to that of A. ostenfeldii (Fig. 1 a and b) .
Spirolide 13,19-didesMeC toxin dominated in all organs, and accounted for 72.5 % and 65.5 % of total toxins respectively in digestive gland and remaining tissues, immediately followed by spirolides 13-desMeC (22.5 % and 25 %, respectively) and 13-desMeD (4.5% and 9.5%, respectively) (Fig. 1 b) .
During 7 days detoxification, toxin accumulated in oysters (GD and remaining tissues) decreased rapidly in both T.Iso fed and unfed oysters (Fig. 2 a and b) . Total toxin contents of digestive gland after 1, 4 and 7 days were lower in oysters fed T.Iso than in unfed oysters (Fig. 2a) while no differences were observed in remaining tissues (Fig. 2b) . After 7 days, DG of fed oysters had lost 92% of their toxins whereas meantime unfed oysters lost only 80%. Detoxification coefficients were 0.84 day -1 in unfed oysters and 0.97 day -1 in T.Iso fed oysters (1.15 time faster). Slow detoxification was found in remaining tissues and the final concentration was similar for fed and unfed oysters (Table 4) . Whatever the dietary treatments and organs used, most of the detoxification was accomplished within 4 days. Considering individual congeners, detoxification of 13, 19 didesMeC and 13-desMeC was faster than those of 13-desMeD. Less than 10% of the initial 13,19 didesMeC and 13-desMeC contents were left in fed oysters and less than 25% in unfed oysters (Table 4) . Detoxification of 13-desMeD was similar in fed and unfed oysters and reached less than 35% after 7 days of detoxification (Table 4) .
At the end of the detoxification period, spirolide analogue concentrations were similar in digestive gland and remaining tissues for the two treatments (with or without feeding) except the higher concentrations of 13,19-didesMeC and 13-desMeC in digestive gland of unfed oyster (Table 4) .
Histology
Tubule thickness in digestive gland decreased in all oysters exposed to A. ostenfeldii, except one oyster (Fig. 3) , and the percentage of active digestive tubules was significantly lower than in control oysters (36% and 61 %, respectively). After 7 days detoxification, percentage of active digestive tubules was significantly higher (p < 0.001; n = 10; t-test) in oysters fed T. Iso (77.9%) than in unfed oysters (24%).
High numbers of intact A. ostenfeldii cells were observed in intestinal lumen of oysters exposed to A. ostenfeldii (Fig. 4 ) and in feces (Fig. 5) . No A. ostenfeldii cells were observed in digestive tubules. No T.Iso cells were observed intact in any part of the digestive gland.
Observed pathologies consisted mainly in inflammatory responses (Fig.4) ; aggregation of hemocytes into the connective tissue surrounding the intestine and hemocyte migrations through the intestinal epithelia (diapedesis) (Fig. 4) .
Although some damages were observed in control oysters, damages in digestive gland after exposure to A. ostenfeldii were significantly more frequent than before exposure (Table 5) .
Recovery from these pathological conditions (hemocyte surrounding and diapedesis in intestinal groove and digestive tubules, tubule dilation) was faster in fed oysters than in unfed oysters after 7 days of detoxification.
Discussion
4.1.Spirolide accumulation and detoxification in oysters
Pacific oyster, Crassostrea gigas, accumulated spirolides within a short time (4 days) when experimentally exposed to A. ostenfeldii concentrations of 200 cells ml -1
. These results give credit to the hypothesis that, in natural environment, oysters are able to accumulate these toxins from A. ostenfeldii cells. After 4 days of exposure, toxin profiles of A. ostenfeldii contaminated oysters, in both digestive gland and remaining tissues, were similar to that of A. ostenfeldii culture used in this experiment. These profiles were predominated by 13,19-didesMeC associated to smaller amounts of 13-desMeC and 13-desMeD. SPX E and F were not detected in any tissue indicating that biotransformation of spirolides did not occur in C. gigas during contamination. After 4 days exposure, most spirolides (83 %) were accumulated in digestive gland. Similarly, digestive glands generally contain 80% or more of Paralytic Shellfish Toxin (PST) body concentration (Bricelj and Shumway, 1998) in oysters. Similar results were observed for mussels (Bricelj et al., 1990) , and scallops (Cembella et al., 1993; Choi et al., 2003) contaminated with PSP and for clams (Medhioub et al., 2010) contaminated with gymnodimines.
Various physico-chemical treatments including thermal and osmotic stress, electric shocks, pH decrease, ozonised seawater and chlorination have been tested to speed up detoxification of diarrheic and paralytic toxins accumulated by bivalves. All proposed methods were either too dangerous, too long, too expensive, or modified organoleptic characteristics of the product. Effective ways to detoxify shellfish contaminated by emergent toxins such as spirolides remain to be developed. No attempt has been made so far to detoxify SPX-contaminated shellfish. In this work, food supply was selected as a detoxification process to speed up spirolide elimination. After 7 days detoxification, total spirolide content in digestive gland was found to be lower in oysters fed on T.Iso than in unfed oysters. This is in good agreement with previous field and laboratory studies highlighting that availability and quantity of non toxic food was the most important factor regulating PSP and DSP detoxifications (Lassus et al., 1999 ; 2002 ; Guéguén et al., 2008 ; Haamer et al., 1990; Sampayo et al., 1990; Marcaillou-Le Baut et al., 1993; Bauder et al., 1996; Poletti et al., 1996; Blanco et al., 1999) . Similarly, experiments on gymnodimine (another cyclic imine) detoxification by grooved carpet shell Ruditapes decussatus revealed that feeding clams with T.Iso accelerated gymnodimine detoxification (Medhioub et al., 2010) . In the same way, Guéguen et al. (2008) showed that PST detoxification of Pacific oyster Crassostrea gigas fed on Skeletonema costatum diets optimised oyster detoxification in both digestive gland and remaining flesh. Also, phytoplankton abundance was associated with an increase of detoxification rate after DSP and PSP episodes (Sampayo et al., 1990 ; Blanco et al., 1997) .
Conversely, detoxification of PST in purple clam, Hiatula rostrata, and lipophilic phycotoxin (okadaic acid) in mussels were unaffected by food availability (Chen and Chou, 2001 ; Svensson, 2003) .
In Arcachon Bay, spirolide content in oyster (SPX-A and 13-desMeC) is generally reported as quite low, ranging from 0.6 to 5 µg 13-desMeC eq. kg -1 total tissues, and rapidly declining after disappearance of the causative dinoflagellate (Amzil et al., 2007) . Similarly, spirolide content rapidly decreased during the detoxification period in our controlled conditions. The final amount of spirolides obtained after detoxification is in the same range as that found in the natural environment (approx. 6 µg 13-desMeC eq. kg -1 total tissues).
At the end of the detoxification period, total SPXs content was found in equal amounts in remaining tissues and in digestive gland. Slower detoxifications in remaining tissues (including gill, mantle, and foot) were in agreement with previous studies on other phycotoxins : gymnodimines-contaminated grooved carpet shell, Ruditapes decussatus (Linné) (Medhioub et al., 2010) , PSP in king scallop Pecten maximus (Lassus et al., 1989) or DSP in mussels (Blanco et al., 1999) . Rapid toxin loss during the first days of detoxification is generally coincident with the elimination of toxin-containing algae from digestive gland, whereas remaining toxins (resulting from microalgae digestion) were incorporated in the tissues.
During the detoxification period, we also found that individual spirolide analogues decreased at different rates. This may be due to the difference of structure of spirolide analogues and/or the difference of toxin affinity for the tissues. However, investigations with different toxin profiles are necessary to obtain a comprehensive picture of detoxification mechanisms of SPX-toxins at the analogue level in bivalves.
Histology study
In our experiment, oysters ingested A. ostenfeldii as revealed by cyst or intact cells presence in feces. However, as most A. ostenfeldii cells appeared as temporary cyst, it is suggested that oyster failed to fully digest all toxic algae. Presence of intact, toxic cells in digestive system of exposed bivalves has already been observed by Galimany et al., (2008a and c) and Hégaret et al. (2007 Hégaret et al. ( , 2008a . Haberkorn et al. (2010) also reported intact vegetative cells and temporary cysts of A. minutum in oyster feces.
Oyster exposure to A. ostenfeldii at a concentration of 200 cell.ml -1 for 4 days resulted in non-specific biological responses. Thickness of digestive gland tubules decreased indicating that feeding upon A. ostenfeldii altered digestive processes.
An inflammatory response was also revealed by hemocyte infiltration and diapedesis. Hemocyte migration through diapedesis from the semi-open vascular system into the stomach and intestine, as seen in A. ostenfeldii exposed oysters, has been described as part of a defence mechanism in bivalves (Stauber, 1950) . Digestive gland tissues showed hemocyte infiltration following toxic algae exposure in most oysters sampled on day 4 after exposure. This reaction supports the hypothesis that hemocytes migrate into lumina of digestive organs to remove A. ostenfeldii cells and/or to protect tissues from toxicity as it has been reported for different phycotoxin-contaminated bivalve species. Galimany et al. (2008a, b, c) described similar inflammatory responses (hemocyte infiltration and diapedesis) in blue mussels Mytilus edulis exposed to Alexandrium fundyense, Prorocentrum minimum and Karlodinium veneficum. Hemocyte infiltration and diapedesis were also observed into intestine and gonad follicles of Ruditapes philippinarum exposed to Prorocentrum minimum (Hégaret et al., 2009) and into the intestine and digestive gland of Crassostrea gigas exposed to A. minutum (Haberkorn et al., 2010) . Estrada et al. (2007) observed hemocyte aggregation in the digestive gland, mantle, and gills of the scallop, Nodipecten subnodosus, exposed to the PST producer Gymnodinium catenatum.
All pathological conditions described here were almost only observed in oysters exposed to A. ostenfeldii. Nevertheless, few control oysters presented marginally affected digestive gland tubules. Some studies (Haberkorn et al., 2010; Galimany et al., 2008a) have also occasionally reported alteration such as inflammatory responses in control oysters. Such pathological conditions in control oysters can be found in the field and attributable to undefined environmental factors.
Altogether, these results suggest that A. ostenfeldii could have an adverse effect on the digestive gland tubules, impairing the digestive and absorption processes and thus accelerating animal vulnerability under stress conditions, like for instance, exposure to pathogens.
This study also demonstrated that after 7 days detoxification of the experiment, pathologies induced by A. ostenfeldii exposure decreased while in the meantime percentage of active DG tubules increased in fed oysters. This suggests that feeding non-toxic algae contribute to speed up recovery after A. ostenfeldii exposure. However, the uncompleted recovery of unfed oysters revealed that repairing the digestive gland tubules request significant energy supply.
Our findings are in agreement with others studies. After exposure, to Gyrodinium aureolum, juvenile mussels fed on T.Iso during one week appeared to recover (Smolowitz and Shumway, 1997) . Moreover, Galimany et al. (2008a) showed that feeding non-toxic algae Rhodomonas sp, all pathological conditions induced by A. fundyense exposure disappeared within a few days indicating a high and rapid capacity for recovery.
Conclusion
Detoxification of spirolides in digestive gland was higher in fed oysters than in non-fed oysters. SPX levels can be reduced within 7 days down to approximately 10% of the initial toxin content of laboratory-contaminated oysters. Taking into account that no regulatory limit has been established so far for spirolides, further experiments are needed to determine the level giving a negative DSP mouse bioassay.
Moreover, gut tubule thinning was the most obvious histopathological finding when oyster were exposed to A. ostenfeldii. We can hypothesize that this can be due to A. ostenfeldii haemolytic activity. However, recovery from exposure to toxic alga was rapid, although unfed oysters were unable to totally get back undamaged tubules. Feeding during the detoxification period accelerates both oyster recovery and detoxification processes. In the future, it would be worth testing longer and higher exposure to see whether effects increase with time and A. ostenfeldii density and whether oyster can still recover thereafter. Tables   Table 1 : m/z transition conditions for spirolides. M/z (mass to charge ratio). 
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